The compounds Co(Py)4Cl2, Co(Py)2Cl2, Cu(Py)2(NCS)2, Co (Py) 4 (NCS) 2 and Ni(Py)4(NCS)2 were synthesized and their I.R. spectra recorded. The assignment of the vibrational frequencies is given with reference to the crystal structure of these compounds.
1 G. SPACU 2060 cm -1 , the doubly degenerate bending mode (v2) at ca. 480 cm -1 and the C -S stretching mode (v3) at ca. 750 cm -1 (see refs. 5-7 ).
Several possibilities arise when the NCS -ion is part of a complex:
1) The ion is outside the co-ordination sphere [in complexes of the type (MXn) (NCS)W]. The vibrational frequencies of the NCS" ion would then approximate those of the "free" ion.
2) The ion is part of the complex and is coordinated through the nitrogen atom. Two possibilities arise here for the C -N and C -S stretching vibrations in complexes of the type MX4(NCS)2 and MX2(NCS)2, depending on whether the NCS" ions are eis or trans to each other (or otherwise expressed, on whether the angle between the two NCS groups is 180 or smaller than 180°). The Cis (or bent trans) configuration would lead, in principle, to the doubling of the C -N and C -S stretching vibrations as compared with the trans configuration and would probably cause the broadening of the bands of the CYs-compounds. The same applies when the ion is co-ordinated only through the S-atom.
3) A combination of (a) and (b), i. e. complexes of the type [MX2Y(NCS) ] (NCS) (Y is an ionic ligand), would also lead to the doubling of the bands 8 .
4) Co-ordination through both the N and the S atoms would lead to a rise in frequency of the N -C and C -S modes. This situation arises in the blue compound CoHg(SCN)4 where S co-ordinates with Hg and N with Co 9-11 .
is shifted to ca. 2140 cm -1 and r3 to ca. 790 cm -1 in the compounds MHg (SCN 2) Co (Py) 4 (NCS) 2, when heated for 1 hour at 104 °C loses two molecules of pyridine and turns mauve, forming Co(Py)2(NCS)2. A thermogravimetric analysis shows that the onset of the reaction is at ca. 65 °C. This reaction is slow to complete and is followed by the loss of the last two pyridine molecules. The infra-red spectra of partially decomposed and decomposed samples of Co(Py)2(NCS)2 show that the two pyridines are lost successively. The reaction scheme is probably:
The final product is a yellowish-brown substance, probably Co (NCS) 2.
calculated: %C = 13.12; found : %C = 14.1.
a-Co(Py)2(NCS)2 was also synthesized by boiling an alcoholic solution of Co(Py)4(NCS)2 and allowing to crystallize 13 .
3) The light-blue compound NI(Py)4(NCS)2 was synthesized according to SPACU It was found that this light-red compound rapidly turns blue on exposure to air and eventually becomes white. After heating Co(Py)4Cl2 for 10 hours at 115 °C it yielded a mauve product which has the composition Co (Py) Cl2 . 
Results and Discussion
The vibrational frequencies of the compounds are given in Table 1 and their spectra are shown in Figs. 1-4 .
The Pyridine Bands
The infra-red spectrum of the pyridine in the complexes is virtually identical with that of pyridine (liq.) 15, 16 , except that some of the weaker bands do not appear. The bands appear, however, at slightly higher frequencies than in the gas 15 . The pyridine bands of the complexes are very narrow, and in most cases, very sharp (see Figs. 1 -4) .
The NCS' Bands
To obtain the NCS -bands, the spectra of the chloride salts [e. g. Co(Py)4Cl2; see brations of the NCS ion in the compounds studied, are given in Table 2 .
The high "background" absorption in most of the samples in the 2 -4 [A region is mainly due to the strong absorption peaks in the visible and near infra-red regions of these pyridine salts. There is also some (unresolvable) fine structure on the lowfrequency wing of vx which causes the asymmetry and apparent broadening of the band at its base. involves resonance between the canonical structures Me -N = C -S and Me = N = C = S.
PORAI-KOSHITS reports that the magnetic moments of the Co-and Ni-complexes are 4.84 and 3.01 B.M. respectively, and states that the NCS-group enters the inner complexing sphere of the metal ion, i. e. that (n-1) d 2 nsp 3 hybrids are formed. This is in conflict with the magnetic data. nsp 3 d 2 hybridization ("Normalkomplex") would lead to two unpaired electrons (2.83 B.M.; spin only) for the Ni-compound and three for the Co-compound (3.87 B.M.; spin only). This is in accordance with the magnetic data; there is a large orbital contribution in the Co-complex.
The other bands in the infra-red spectrum of Co (Py) 4 (NCS) 2 and Ni (Py) 4 (NCS) 2 (Figs. 1 and 2) can readily be assigned to the pyridine vibrations (Table 1) , except the four bands at 700, 712, 756 and 767 cm -1 . There are two strong bands in Py(liq) in this region viz., 702 and at 749 cm -1 . The two strong bands of the complex at 700 and 756 cm -1 can thus be assigned to the 700 and 749 cm -1 vibrations of pyridine.
There are various possible assignments of the two remaining bands:
1. The S -C vibration seems to be doubled, as in the case of [Co(III) (en)2Cl(NCS) ] (NCS), where two different kinds of NCS-groups are present 8 . This is in conflict with the crystal structure 17 .
2. Another possibility is that the SCN -Co -NCS chain is not perfectly linear. This would cause the symmetric S -C vibration to become active (see above). 50 cm -1 seems to be too large for this kind of splitting. In addition, there is no indication of splitting in the N -C stretching vibration.
3. Pyridine gas 16 has the following bands in this region: 686(52), 699(70), 706(64), 716(58), 743(32) and 759(4) cm -1 (numbers in brackets give the % abs. at 0.24 mm). In Py(liq) the spectrometer traces a composite envelope for the first three bands at 702 cm -1 , and the 743 cm -1 band appears at 749 cm -1 in the liquid. The 711 cm -1 band of the complex can thus be assigned to the pyridine band which occurs at 716 cm -1 in the gas. The 767 cm -1 band is thus due to the S -C stretching vibration of the SCN group. This assignment confirms the fact that the SCN group in these complexes cannot be described by Me -N = C -S, but as resonating between the two canonical structures It was found that when Co (Py) 4 (NCS) 2 is heated for one hour, it loses 2 Py molecules, forming Co (Py) 2 (NCS) 2 (probably the a-isomer). The crystal structure 18 is monoclinic [isomorphous with Cu(Py)2(NCS)2], space group C2/m with 2 molecules per unit cell. The Co is SIX co-ordinated through both N and S of the NCS, forming chains of octahedra along the c-axis.
occurs at 2101 cm -1 (vs. sp). The 712 cm -1 pyridine band has disappeared, the rest of the pyridine bands remain the same. The 767 cm -1 NCS band disappeared and is replaced by a weak, broad band at ca. 780 cm -1 , which can be assigned to the vc_s vibration. The simple relation between rfc-N and vc_n (or c/c-S an d ^c-s) would probably be altered by the co-ordination of the NCS group through both the N and the S atoms. Two effects would probably play an important role, viz. (decrease in VC_N) and an increase in the C -S double bond character (increase in VQ-S)» and (ii) the effect of the double co-ordination. If only (i) occurs, then VQN should be lowered while VQS is raised in frequency. In the compounds where SCNis co-ordinated through both N and S, both frequencies are raised as compared to the pure N = C double bond and the pure S -C single bond *. In these compounds it seems that the N -C bond has more triple-bond character and the C -S bond has more double-bond character than in the Me (Py) 4 (NCS) 2 compounds, where the coordination is only through nitrogen. The same applies to the case of Cu(Py)2(NCS)2, which is isomorphous with Co (Py) 2 (NCS) 2 18 (see Fig. 4 ).
Conclusions
The pyridine bands in the pyridine complexes of Co, Cu and Ni are very sharp and can be directly correlated with the bands of Py(g). From the position of the NC stretching vibration in Co(Py)4(NCS)2 it is concluded that the PORAI-KOSHITS' 17 bond length is probably wrong.
